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JATTONAL AEROLAUTICS AND SPACE ADMIATSTRATTON

TECHNICAL MEMORANDUM X-84k

PRELIMINARY AFRODYNAMIC CHARACTERISTICS OF A
MANNED LIFTING ENTRY VEHICLE AT A
MACH NUMBER OF 6.8%

By Robert W. Rainey and Charles L. Ladson
SUMMARY

At the Langley Research Center a study is underway of the aerodynamic char-
acteristics from subsonic to hypersonic speeds of a manned 1lifting entry vehicle
(MLEV) with a hypersonic maximum lift-drag ratio of about 1. Preliminary results
at a Mach number of 6.8 of this cambered, flat-bottom, blunt-leading-edge, delta-
planform configuration show that desired performance was achieved at a moderate
1ift coefficient with stability and trim capability over a wide range of angle of
attack and 1lift. Significant differences in trim attitude and directional sta-
bility occurred as a result of change in configuration camber.

INTRODUCTION

An extensive review of the manned entry study being conducted at the Langley
Research Center, some results of which are reported in reference 1, has indicated
that an entry vehicle with a maximum hypersonic lift-drag ratio of about 1 merits
further consideration from the standpoint of possible requirements for future
entry vehicles. From this review and other examinations interest has evolved in
a cambered, flat-bottom, blunt-leading-edge, thick, delta wing, and an investiga-
tion is underway at speeds from subsonic to hypersonic to study the aerodynamic
problems associated with one or two of the more promising configurations in this
class of entry vehicles.

The purpose of this report is to present some of the results of the initial
hypersonic tests. These tests were conducted in the Langley 1ll-inch hypersonic
tunnel at a Mach number of 6.8 and Reynolds numbers, based on model length, of

about 1.5 X 106 and 2.0 X 10”. The results are presented without extensive
analysis.




4 CONFEBENTEARSS

STMBOLS
b characteristic span for yawing-moment and rolling-moment coefficients,
5.155 inches

Ca axial-force coefficient, Axial force/qu

Cp drag coefficient, Drag/q S

Cy, lift coefficient, Lift/q S

Cy rolling-moment coefficient, Rolling moment/anb
Crn = égl per degree

P o

Ca pitching-moment coefficient, Pitching moment/quZ
CN normal-force coefficient, Normal force/qu

Cn yawing-moment coefficient, Yawing moment/qub

C = EEQ per degree

ng - 3p

Cy side-force coefficient, Side force/q S

C = égl per degree

s~ 3p

L/D lift-drag ratio

1 length of vehicle, 8.00 inches

M free-stream Mach number

4. free-stream dynamic pressure

S reference area equal to proJjected planform area with elevons
Se elevon area

%,¥.2 body axes (see fig. 1)

Vg2 ordinates along body axes



o7 angle of attack, deg
B angle of sideslip, deg

de elevon deflection angle, positive with trailing edge down, deg; used
with subscripts L and R +to indicate left elevon deflection and
right elevon deflection, respectively

CONFIGURATION CONCEPTS

The results reported herein represent only the initial phase of a much
broader overall study directed toward demonstrating satisfactory aerodynamic
characteristics for the class of vehicle advanced in reference 1. In arriving
at a basic configuration for this vehicle class, the criteria to be met were

(1) high 1lift capability at hypersonic speeds
(2) hypersonic maximum L/D ~ 1 at moderate to high 1lift

(3) satisfactory aerodynamic characteristics for operation from hypersonic to
subsonic speeds (including conventional landing)

(4) volume distribution amenable to layout of internal systems with a reason-
able center-of-gravity location

(5) feasible shape from structural and heat protection considerations

Experience (for example, refs. 2 and 3) has indicated that high values of
1lift at trim with stability may be obtained by using cambered delta plates. The
values of angle of attack and Cy, at trim and, to a less extent, the value of

maximum L/D may be adjusted by the variation of the longitudinal local slope
distribution. Consequently, two models with the same area distribution but with
different local slopes (HL-10 and HL-11) were tested at hypersonic speeds to
evaluate the effects of camber. This effort was undertaken not only to obtain
the aforementioned high value of maximum trimmed C; but also to obtain a moder-

ately high value of trimmed Cyp, without elevon deflection. Therefore, in the
event of loss of elevon control, the likelihood of survival during entry is
improved. The elevons have been sized to obtain near-maximum values of trimmed

Cy, for normal entry with negative &, and a maximum value of L/D of approxi-

mately 1 with positive de.

The cambered flat bottom is faired into generously rounded leading edges
(See section drawings in fig. 2) that have high sweep angles to reduce convective
heating rates. The relatively small nose radius would hopefully strike a reason-
able compromise between radiative and convective heating on and in the vicinity
of the nose at high entry velocities. (See ref. 1.) The upper part of the vehi-
cle was contoured to provide shadowing from the oncoming flow at operation atti-
tudes for the higher speed portion of entry.




The longitudinal thickness distribution should provide a wealistic volume
distribution for internesl stowage and placeuent of equipment. Maximum thickness
is adequate for crew sccommodation duricg the miscion and for positioning the
crew to provide visibility during landing. Although detailed internal layouts
have not been made, rough estimates indicate that with uniform density through-
out the usable interior the center of gravity would be located at approximately
60 percent of the vehicle length. This location compares to the centroid of
internal volume at 55 percent of the length (after making a reasonable allowance
for structure beneath the outer surface). Therefore, it is felt that by appro-
priate location of internal equipment the center-of-gravity location at about
5% percent of the vehicle length (based on aerodynamic considerations) is reason-
able. The shape also includes a hemicylinder faired into the upper surface to
provide attachment to the booster or service module dependent upon type and dura-
tion of the particular mission. An attempt has been made to minimize the protub-
erances which might complicate the structural design and heat protection approach.

MODELS, APPARATUS, AND TESTS

The general class of vehicles under consideration has been designated MLEV
(manned 1ifting entry vehicle). Two models of a horizontal landing version (HL)
of the MLEV were tested in this investigation. These models were designated HL-10
and HIL-11 and differed mainly in the camber of the lower surface. Drawings and
photographs of the models are presented in figures 2 and 3, respectively. The
models were constructed of stainless steel and were equipped with interchangeable
elevons, fins, and rudders. Measured ordinates of the cross sections of the HL-10
and HI~11 models are presented in tables I and II, respectively.

The forces and moments were measured with a six-component strain-gage balance
equipped with internal water cooling to reduce zero shifts as a result of tempera-
ture gradients. The balance entered the base of the model within the cylindrical
fairing. The balance sting, behind the model trailing edge, was shrouded by a
cylindrical shield 0.60 inch in diameter (fig. 4). The pressure within this
shield was recorded during each test. This base pressure contribution to axial
force was compared with the measured axial force and found to be negligible. Thus,
the data presented are uncorrected.

A prism was mounted in the side of the model so that a light beam from a
point source reflected off the prism onto a calibrated scale. In this manner,
the true attitude of the model was determined irrespective of balance and
support-system. deflections.

The tests were conducted in the Mach 6.8 test section of the Langley 1ll-inch
hypersonic tunnel over an angle-of-attack range from 0° to 40°, At angles of
attack from 0° to 30° the tests were conducted at an average stagnation pressure
of about 20 atmospheres absolute. In the Mach 6.8 test section, the average Mach
number at this stagnation pressure was about 6.87. At angles of attack from 30°
to 40° the tests were conducted at a stagnation pressure of about 15 atmospheres
absolute at an average Mach number of about 6.82. All tests were conducted at a
stagnation temperature of about 600° F. The Reynolds numbers at stagnation




- :
pressures of 15 and 20 atmospreres were 1.5 X 136 end: 2.0 % 106, respectively,
based on model lenzth.

At high angles of attack, the shock wave from the model forced separation
of the boundary layer from the floor of the tunnel. The shock wave formed as a
result of this separation extended into the core of good flow just downstream
from the trailing edge of the model. (See fig. 4, a = 40°.) Results of tests
using the same model and balance in a larger tunnel void of any such shock waves
confirm that the Mach 6.8 results are free of interference at all test values
of a.

ACCURACY OF RESULTS

The accuracy in angles of attack and sideslip was +0.1°. A summary of the
average values and accuracies in Mach number and dynamic pressure and of the
balance accuracy in terms of the aerodynamic coefficients is presented in the
following table:

Accuracy of static balance calibration
M, ) in terms of -
1b/sq ft abs

@,
deg

0 to 30[6.87 + 0.03| 376 + 1.3 |0.0026 |0.0012|0.00032|0.000070 |0.00015 |0.00080

30 to 40[6.82 + 0.03| 294 * 1.3 .0034 [ .0016| .00043[ .000094 | .00020( .0011

Mach number varied about +0.03 and dynamic pressure varied about 6 lb/sq v
during each test as a result of a change in tunnel throat size due to heating
as each test progressed. These variations were accounted for in the data
reduction.

RESULTS AND DISCUSSION

The data obtained from tests of models HL-10 and HL-1l are presented in
figures 5 to 8.

The effects of camber upon the longitudinal aerodynamic characteristics of
the vehicles can be seen from a comparison of figures 5(b) and 6(a). As a result
of HI-11l having larger local angles of attack behind the maximum thickness where
the majority of the lifting area is located, higher values of C, and L/D were

obtained for HI~11l than for HL-10. However, this higher loading on HL-11l limited
the trimmed angle of attack for &g = 0° to about 35° and a trimmed Cy, to 0.37

(fig. 6(a)) as compared with o =~ 52° and Cr, = 0.54 for HL-10. These values
for HL-10 at « > 40° are obtained from extrapolation of the experimental

—. >



measurements with the .eid of Newtonian theory. In ad&ition, thig higher loading
on HL-11 is undoubt2dly transmitted onto thie sides Of cne rear portion of the
vehicle to provide a higher level of directional stability for HI-11 than for
HI-10 (fig. 7).

Although the anticipated mode of entry does not include normal operation in
the low range of o at high velocities, some tests were conducted at values of
a down to 0°. It is of interest to note in this low range of « the marked
reduction in elevon control effectiveness of HIL-10 (fig. 5(b)) as compared with
the effectiveness of HL-11 (fig. 6(a)). The higher curvature and the ensuing
separated flow enveloped the deflected elevons more completely for the HL-10. A
solution to this problem is elevon chord-extension so that a portion of the
elevon will extend beyond the separated region and penetrate the region of higher
energy flow.

The hypersonic tests of the HL-11 were terminated early in the test program
when the subsonic results revealed several advantages for the HL-10; consequently,
the majority of the hypersonic data herein are for the HIL-10. The fin and control
arrangement on the HL-10 shown herein is one of several arrangements under current
study.

CONCLUDING REMARKS

At the Langley Research Center a study is underway of the aerodynamic char-
acteristics from subsonic to hypersonic speeds of a manned 1lifting entry vehicle
with a hypersonic maximum lift-drag ratio of about 1. Preliminary results at
a Mach number of 6.8 of this blunt-leading-edge delta-planform configuration
show that desired performance was achieved at a moderate 1lift coefficient with
stability and trim capability over a wide range of angle of attack and 1lift.
Significant differences in trim attitude and directional stability occurred as a
result of change in configuration camber.

Langley Research Center,
National Aerconautics and Space Administration,
Langley Station, Hampton, Va., May 22, 1963.
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TAPLE T.-

HL=10 CRDINATES

Station 1| Station 2 | Station 3 | Station 4 | Station 5 Station 6 | Station 7
N IO OO B RO ISR B O IR N OO IR (O IR O I
in. | in. | in. | in. | in. | in. | in. | in. | in. | in. | in. | in. | in. | in.
0 0.591{ 0 0.647(0 0.651 0 0.651] 0 0.651|0 0.651}0 0.654
250 0569 125 637 125 .6W7] .125| .6h2] 125 .634| .125| .634| .125| .636
.250] .ho6| .250[ .607| .250| .639] .250| .627f .250{ .585| .250| .564] .250| .560
3750 349 375 Bk L3T5| L617) L3T5| .617| -375| 569 375 .514| .375| .hho
.500 .b7u .500] .45k .500{ .582] .500| .601] .500] .564| .500| .502| .500| .398
.52610 625 .312] 625 .529] .625| 574 .625] .554| .625| .500| .625]| .398
Sh7i-.1251 0750 Lo7h| L750[ L4k6) .750| .5kl .750| .skO| .750| .h9T .750 .398
5571-.250] .781] 0 8751 .318] .875) .h97 .875| .%22| .875 .u89 875 §598
.559]-.339| .812[-.125{1.000| .111}1.000| .432]1.000| .496(1.000| .480|1.000] .398
.832] -.250[1.041}0 1.125| .329{1.125| .4s8|1.125] .469(1.125| .398
LBU3| - 37511.075]-.125{1.250] .168}1.250| .hok|1.250| .Ls5k|1.250( .398
848} -.536[1.100{ -.250|1.321|0 1.3751 .331|1.375] .434]1.375] .398
1.118[-.375(1.355|-.1251.500] .216|1.500| .409|1.500] .398
1.129(-.500]1.380(-.250| 1.636|0 1.625] .371|1.625] .398
1.135]-.626|1.399]-.375[1.670|-.125|1.750] -309|1.625] .398
1.4111-.500(1.692]|-.250|1.875| .209]1.875| .398
1.4151-.620] 1. 704 [-.375(1.98k| 0 2.000] .391
1.707|-.449]1.997{-.125]2.125| .382
2.250| .37k
2.28710




TABLE II.- HL-11 ORDINATES

Station 1 Station 2 Station 3 Station b Station 5 Station 6 Station 7
Y Z, N Z, Y, Z, Vs Z, ¥ 2y Y Z, NE Z,
in. in. in. in. in. in. in. in. in. in. in. in. in. in.
0 -0.670]0 -0.818j0 -0.86710 ~-0.824{ 0 -0.721'0 ~-0.57010 -0.386

5511 -.375] .811] -.625|1.117| -.625|1.383| -.625|1.1682| -.50012.01k| -.125|2.303| O
5631 -.250{ .840| -.500{1.139} ~.500|1.417| -.500}1.711 | -.375|2.017| O 2.3101 .125
563 -.125] 849} -.375|1.1k2] -.375{1.428] -.375{1.717 | -.250{2.009| .125)2.315} .250
.551] 0 851 -.250 1.139| -.250 1.4301 -.250{1.716 | -.125{1.976] .250[2.315{ .375
531 .125] .849| -.125]1.133| -.125]|1.423] -.125/1.704 | O 1.884] .37511.500| .375
498l  .250) .8Lhol O 1.1201 0 1.407{ O 1.679 L12501.6371  2500/1.000] 375
Abslo L3750 .823| .12501.100| .125(1.384| .125|1.633 .25011.375] .552] .500f .375
.358| .500| .791] .250/1.068] .250|1.341} .250/1.558 .37501.000f  .5581 .3751  .375
.350]  .586| .7kl .375]1.019| .375(1.277( -375(1.441 .500] .500] .558| .250] .466
125 L6351 L6751 5000 .9k5| .50011.1901 .500{1.375 5481 .250] .588] .125] 542
0 L6501 .625| .567f .875| .583il1.125) .568]1.250 .614] .125] .55810 .566
0 5000 .671) .750| .688[1.000] .6581.125 6560 .566
3730 737 .625 759 875 .720{1.000 .683
.250{ .777( -500| .803| .750| .761| .750 .708
sl 96l 375 .831) .625| L7891 .500 LTk

0 .8o02] .250| .84y .500] .805| .250 LT1h
1251 854 L3751 .816]0 .71k

0 .856] .250| .824

1251 .826

0 .827
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Figure 1l.- Axis system with positive direction of forces, moments, and angles indicated by arrows.
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Figure 2.- Model drawings and dimensions.

All linear dimensions are in inches.
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Figure 4.- Schlieren flow photographs.
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Figure 5.~ HL-10 longitudinal aerodynamic characteristics.
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Figure 5.- Continued.
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(b) Concluded.

Figure 5.~ Continued.
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Figure 5.- Continued.
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Figure 6.- HL-11 longitudinal aerodynamic characteristics.
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Figure 8.- Roll-control inputy's for HL-10; %3 = 0.08.
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